Abstract
Introduction

30
With limited funding and constrained resources, there is limited capacity to effectively protect 31 the increasing number of species at risk of extinction due to environmental change, habitat 32 loss and other anthropogenic disturbances (James et al.1999; Bottrill et al. 2008) . 33
Identification of species or populations that face the greatest risk of extinction is therefore 34 necessary to prioritise conservation efforts. For many species, assessment of extinction risk or 35 vulnerability to predicted environmental change is costly, time-consuming and often 36
impractical. This has lead to widespread efforts to identify factors correlated with high 37 extinction risk or vulnerability across a wide range of taxa (e.g. McKinney 1997; Purvis et al. 38 2000a) that can be used in the absence of detailed assessments to predict which species are 39 likely to be most vulnerable to future environmental change (Purvis et invertebrates and non-coral prey items, while C. trifascialis and C. lunulatus are obligate 157 corallivores, both feeding almost exclusively on hard (scleractinian) corals (Pratchett 2005) . 158
The dietary preferences and proportional use of different prey types for each species were 159 determined from field observations of feeding behaviour across the six sites. Individual 160 butterflyfishes were randomly selected and followed at a distance of 2 -5 metres for a 3-161 minute period. The total number of bites taken from each species of coral, other non-coral 162 macro-invertebrates, and non-coral substrata during each observation was recorded, following 163 Pratchett (2005) . Twenty observations for each species were conducted on adult fish 164 throughout the day at each site. Every effort was made to ensure that individual fish were not 165 observed more than once. Variation in dietary composition of the three species was analysed 166 using a nested multivariate analysis of variance (MANOVA), which simultaneously compared 167 the mean number of bites taken from each of 15 major prey types at each site, nested within 168 habitat type. Pillai's trace statistic was used to determine the significance of MANOVA 169 results. 170
171
DIETARY SPECIALISATION AND SELECTIVITY 172
To investigate how different specialisation indices may vary in their estimates of 173 specialisation, dietary specialisation for each species at each site was assessed using four 174 9 different indices -a simple count of the total number of different prey types consumed, the 175 Shannon-Wiener diversity index (Zar 1999 
Results
254
CORAL COVER AND COMPOSITION 255
Cover and community composition of scleractinian corals varied among habitat types and 256 sites. Cover of scleractinian corals was highest at exposed sites, covering 51% (±3.7) of hard 257 substrate at South Island, and 41% (±3.0) and 40% (±0.9) of hard substrate at Lizard Head 258
and Bird Islet respectively. At sheltered sites, cover of scleractinian corals was highest at 259
Osprey Islet (32% ±3.5 of hard substrate) and Vickies (32% ±4.5 of hard substrate), and 260 lowest at Corner Beach (29% ±5.6 of hard substrate). Variation in coral community 261 composition was highly significant among habitats (MANOVA, Pillai's trace=14.1, df = 9,16, 262 P<0.001) and sites (MANOVA, Pillai's trace=2.6, df = 36,76, P<0.001). Exposed sites were 263 characterised by a high abundance of tabular and digitate Acropora corals, while sheltered 264 sites were dominated by soft corals (family Alcyonacea) (Fig. 1) . 265
266
DIETARY COMPOSITION 267
Chaetodon citrinellus fed predominantly on hard corals at each site (taking between 39 to 268 75% of all bites from hard corals), but also supplemented its diet with small amounts of soft 269 corals, other non-coral macro invertebrates and bites on reef substrates (Table 1) . 270
Consumption of hard corals was highest at exposed sites where hard corals were more 271 abundant. Both C. lunulatus and C. trifascialis fed almost exclusively on hard corals at all 272 sites. Chaetodon lunulatus took between 96 to 99% of all bites from hard corals, while C. 273 trifascialis took 100% of all bites from hard corals at all sites except Lizard Head (Table 1) . 274
13
Dietary composition varied significantly (MANOVA, P<0.05) for all three species between 275 habitats and sites (Table 2) . 276
277
DIETARY SPECIALISATION AND SELECTIVITY 278
The number of prey types consumed was similar for C. citrinellus and C. lunulatus and both 279 species consumed a greater number of prey types at exposed sites compared to sheltered sites 280 (Fig. 2) . Chaetodon trifascialis consumed almost the same number of prey types at both 281 sheltered and exposed sites and consumed fewer types than both C. citrinellus and C. 282 lunulatus. Dietary evenness (indicated by the Shannon Wiener index) was relatively high for 283 both C. citrinellus and C. lunulatus, but was low for C. trifaiscialis (Fig. 2) . For all three 284 species, dietary evenness varied between sites. Evenness was higher at exposed sites for C. 285
citrinellus, comparable across all sites for C. lunulatus and higher at sheltered sites for C. 286
trifaiscialis. 287 288
Based on significant differences in the proportional consumption versus availability of 289 different coral prey, all three species showed highly significant dietary selectivity at each site 290 (P<0.001 for all species, Table 3 ). Patterns of dietary selectivity indicated by the Chi square 291 log-likelihood statistic (X L2 2 ) were different to patterns of dietary evenness indicated by the 292 Shannon Wiener index and levels of specialisation estimated using a count of total number of 293 prey categories consumed. Chaetodon trifascialis was the most selective, closely followed by 294 C. lunulatus, while C. citrinellus was the least selective. Selectivity was higher at sheltered 295 sites compared to exposed sites for all three species (Fig. 2) . 296
297
Chaetodon citrinellus showed a high degree of dietary versatility, consuming a number of 298 different hard coral taxa at each site (Table 1) and resource selection functions indicated that 299 was only shown for a few prey categories and most categories were consumed in proportion 301 to their availability (Table 3) . 302
303
Although overall dietary selectivity (X L2
2 ) was high for C. lunulatus at each site and 304 comparable to that of C. trifascialis (Fig. 2) , resource selection functions for individual coral 305 taxa indicated that C. lunulatus was a much more generalised feeder (Table 3) . Chaetodon 306 lunulatus consumed a large number (between 25 and 34) of different hard coral taxa at each 307 site (Table 1 ) and only showed avoidance of non hard coral prey categories (Table 3) . At 308 exposed sites C. lunulatus exhibited significant feeding selectivity for Acropora corals and 309
Pocillopora corals, but fed on most hard coral prey categories in proportion to their 310 availability across both exposed and sheltered sites. 311
312
In contrast, C. trifascialis had much more specialised feeding preferences, consuming 17 or 313 fewer different hard coral taxa at each site (Table 1) and never using a large number of hard 314 coral taxa across all sites, regardless of their availability (Table 3) . Chaetodon trifascialis only 315 fed on corals from three genera -Acropora, Pocillopora and Montipora -and only showed 316 selectivity for Acropora corals (Table 3) , taking more than 90% of all bites from Acropora 317 corals at each site. Particularly strong selectivity was exhibited for Acropora hyacinthus, with 318 C. trifascialis taking between 45 and 78% of all bites from this species at each site. 319 320 All three species showed significant among-individual dietary variation at each site (P<0.001, 321
Monte Carlo simulations). Both C. citrinellus and C. lunulatus showed high levels of among 322
individual dietary variation across all sites (E >0.5, Individual niche overlap network), while 323 levels of among individual dietary variation at exposed sites (Fig. 2) . a species will only be classified as a specialist if resources are used disproportionately to their 360 availability. Some may believe this distinction is a somewhat semantic issue and may argue 361 that regardless of whether or not resource availability is considered, any type of specialisation 362 index will always classify extreme specialists as such. However, resource use may actually 363 reflect patterns of resource availability rather than specialisation per se. Specialisation indices 364 that do not consider resource availability will be unable to distinguish between a species using 365 a few commonly available resources and one that uses a narrow subset of available resources. 366
Both types of species will be classified as extreme specialists, even though the first species 367 may actually have a generalised ecology and utilise a large number of resources in cases 368
where it is not limited by resource availability (e.g. Pampas fox, Varela et al. 2008 ). While 369 any species using resources which are threatened will be at risk of extinction, in the context of 370 predicting vulnerability, a species that uses resources disproportionately to their availability is 371 much more likely to be vulnerable to changes in the abundance of those resources than a 372 species that uses a few commonly available resources. Therefore, the use of specialisation 373 indices that incorporate measures of resource availability is preferable if specialisation is used 374 as a proxy for vulnerability. enabling greater insights into the potential response of species to changes in resource 411 availability, and therefore vulnerability to future environmental changes, than can be gained 412 from overall estimates of specialisation. Although overall levels of dietary specialisation 413 estimated by the Chi square selectivity index were similar for C. lunulatus and C. trifascialis, 414 resource selection functions indicated that the diet of C. trifascialis was much more 415 specialised and its feeding preferences were more conserved, both in the terms of the number 416 of resources it showed selectivity for and in the spatial variation of its selectivity. 417 Consequently, C. trifascialis is likely to be highly vulnerable to changes in resource 418 availability, particularly to changes in the abundance of the Acropora corals that it 419 preferentially feeds on (Pratchett 2005; 2007) . In contrast, C. lunulatus utilised a large 420 number of resources at each site and selectivity of specific dietary items varied between sites 421 which also varied in their resource availability. These findings suggest that even though C. 422 lunulatus has a reasonably specialised diet, it is likely to be fairly resilient to changes in 423 resource availability. Such responses to changes in resource availability have already been 424 reported for both species. In French Polynesia, the abundance of C. trifascialis declined by 425 almost 100% following declines in the abundance of its preferred Acropora corals ( Circles plotted represent 95% confidence intervals around the group centriod for each site (unfilled circles: exposed sites; filled circles: sheltered sites). Vectors are structural coefficients indicating the relative abundance of the major coral taxa among the 6 sites. 
